I describe the first model of chaotic inflation in supergravity, which was proposed by Goncharov and the present author in 1983. The inflaton potential of this model has a plateau-type behavior V 0 (1 − arXiv:1412.7111v3 [hep-th]
Introduction
The chaotic inflation scenario [1] was proposed in 1983 as an alternative to new inflation, when it was realized that the idea of high temperature phase transitions and supercooling, the trademark of old and new inflation, made inflation very difficult to implement. The simplest chaotic inflation models presented in [1] were models of the type φ n , but it was emphasized there that this scenario is much more general. The main idea of chaotic inflation was to consider various sufficiently flat potentials, either large-field or small-field, and check whether inflation may occur in some parts of the universe under some generic (and possibly chaotic) initial conditions, without making an assumption that the universe was in a state of thermal equilibrium and that initial state of the inflaton field should correspond to an extremum of the potential. At present, this idea may seem nearly trivial; all presently available inflationary models are based on it. However, this scenario, which does not even require the existence of the hot Big Bang, is so much different from the old cosmological paradigm that for several years since the invention of chaotic inflation many found it psychologically difficult to accept. Even now most of the college textbooks continue describing inflation as an intermediate stage of expansion of the universe in a supercooled vacuum state formed after the hot Big Bang.
In October 1983, Alexander Goncharov and I developed the first version of chaotic inflation in supergravity [2] , which I will call GL model hereafter. It was quite economical, involving only a single chiral superfield. It was the first supergravity model with the inflaton potential asymptotically approaching a plateau V ∼ a − be −cφ . Later on, it was realized that the Starobinsky model [3] , after certain generalizations [4, 5] , can be cast in a form with a similar plateau potential [6] . It took almost 30 years until the models of this type attracted general attention because they were strongly favored by the recent WMAP and Planck data [7, 8] . Paradoxically, at that time the GL model was nearly forgotten.
In this paper I will briefly revisit the GL model. I will describe its predictions in terms of n s and r, compare it with other related models, and then, following [9] [10] [11] [12] , I will propose a slight generalization of this model, which allows to describe not only inflation, but also the present stage of acceleration with a tiny cosmological constant ∼ 10 −120 and with a controllable level of supersymmetry breaking.
The GL model
The model proposed in [2] described a single chiral superfield Φ with the simple Kähler potential ΦΦ and a superpotential e −Φ 2 /2 W (Φ), which was designed to cancel the growth of the potential V (Φ) in the direction of the real part of the field Φ = 1 √ 2 (φ + iχ). Using Kähler invariance, one can represent the GL model [2] in an equivalent but simpler form as a theory with a shift-symmetric Kähler potential
and the superpotential
The superpotential (2.2) can be also written in a more symmetric form,
3)
The potential V (φ, χ) of the fields φ and χ in this model has a minimum at φ = χ = 0, where it vanishes, V (0) = 0. Because of the shift symmetry of the Kähler potential in the φ, direction, the potential does not grow as e φ 2 /2 in the φ direction, but blows up as e χ 2 in the χ direction. As a result, it has a deep flat valley in the φ direction, with a minimum at χ = 0. The mass squared of the field χ during inflation is very large, m 2 χ H 2 . Therefore the field χ vanishes and plays no role during inflation. Meanwhile the potential of the field φ, which plays the role of a canonically normalized inflaton field, is given by
This potential has a minimum at φ = 0, where it vanishes, see Fig. 1 . At φ 1, the potential coincides with 5) up to exponentially small higher order corrections O(e −3 √ 6|φ| ) [2] . These corrections can only lead to higher order corrections in 1/N to n s and r, where N ∼ 60 is the number of e-foldings.
A proper interpretation of this model can be given in the context of the recently discovered theory of superconformal α-attractors [13, 14] . It will be shown in [15] that the GL superpotential (2.2) is the simplest superpotential in the family of superconformal attractors with a single chiral superfield. For the theory of two fields with the superpotential Sf (Φ), the general form of the α-attractor superpotential is Sf (tanh
) [14] , whereas for the single-field superpotential, the general form is sinh [15] . The potential (2.4), (2.5) is of the same type as the potentials in the α-attractor models [14] for α = 1/9; in this respect see also [16] . dashed line shows its asymptotic representation (2.5), which exponentially rapidly converges to in the inflationary regime with φ 1. The last 60 e-foldings of the evolution of the universe correspond to φ 2.8.
Investigation of the slow-roll regime in this model is quite simple: One can use the well known equation relating to each other the field φ and the number of e-foldings N ,
(2. 6) and find that φ = log(16N ). This means, for example, that the structure of the universe on a scale corresponding to N = 60 e-foldings was formed when the inflaton field was φ 60 ∼ 2.8, and for N = 50 one finds φ 50 ∼ 2.7. Thus one may argue that the observational predictions of this theory are mostly determined by the potential V (φ) in a small field interval close to φ = 2.8.
The mass of the inflaton field at the minimum of the potential can be calculated using the Planck normalization of the amplitude of scalar perturbations of metric. It is given by m ∼ 7 × 10 −6 . The most important observational prediction of this theory is its prediction for n s and r. In limit of large number of e-foldings N , one has
where the numerical values are given for N = 60. The first of these two relations was presented in [2] not in terms of n s , but in a more precise way as a logarithmic dependence of the amplitude of perturbations on the wavelength. The numerical values change just a bit for N ∼ 55:
These results are in a very good agreement with the observational data by WMAP [7] and Planck 2013 [8] . The prediction of the GL model for n s coincides with the prediction of the Starobinsky model [3] , of the Higgs inflation [17] and of a broad set of the cosmological attractor models discovered during the last two years [14, 18, 19] . The prediction for r coincides with the prediction of α-attractors for α = 1/9 [14] ; it is 9 times smaller than the predictions of the Starobinsky model and of the Higgs inflation for r.
The preliminary results of the Planck 2014 data release indicate that the models of this type may provide the best fit to the new set of observational data [20] , but of course we should wait for the final Planck 2014 data release, which should include a combined analysis of the observational data by Planck and BICEP2.
Generalized GL models as cosmological attractors
The original GL model allows some generalizations. For example, one can consider superpotentials
which lead to potentials shown in Fig. 2 for n = 1, 2, 3, 4. This figure looks very similar to Fig. 1 in Ref. [18] , which shows T-models belonging to the class of conformal attractors. At large φ, the potentials in the theory (3.1) behave as
up to higher order corrections in e − √ 6|φ| . These potentials look very different from each other at small φ, but they have the same asymptotic behavior at large φ, up to the coefficient in front of e − √ 6|φ| .
Just like in [18] , one can show that all of these models in the large N limit have the same cosmological predictions (2.7), in good agreement with observations.
As we already mentioned, one can consider models with a more general superpotential [15] , similarly to what happens in the theory of superconformal attractors [18] . For a general choice of functions f , one obtains potentials which may behave very differently at small φ, but which typically have a similar plateau behavior, asymptotically approaching a plateau as
, where c is some constant. In those models with V ∞ > 0, c > 0, where the field eventually rolls down to the near-Minkowski vacuum with a tiny cosmological constant, the observational predictions in the large N limit approach the same attractor values (2.7). To give a particular example, one may consider a superpotential
The inflaton potential in this theory is shown in Fig. 3 . It has three Minkowski vacua and two AdS vacua. After inflation, the inflaton field rolls to one of the two absolutely stable supersymmetric Minkowski vacua with φ ≈ ±0.865. The observational predictions of this theory coincide with the predictions of the original GL model (2.7). 
Uplifting and SUSY breaking by adding a nilpotent field
The GL model and its generalizations considered above describe a potential with a Minkowski minimum with V (0) = 0, and with unbroken supersymmetry. As a next step towards a fully realistic model, it would be nice to describe our universe with a tiny positive cosmological constant, V (0) ∼ 10 −120 , and with a controllable level of supersymmetry breaking. Perhaps the simplest way to do it is to add to the theory a nilpotent chiral superfield S, following [9] [10] [11] [12] . Indeed, let us consider the model of two fields, the inflaton field Φ and a nilpotent field S with the Kähler potential
In accordance with the procedure outlined in [9] , one should calculate the potential using the standard methods, and then put S = 0 in the final expressions. In this case one can show that the potential of the inflaton field still has a minimum at φ = χ = 0, but the value of the potential at the minimum is given by
For c = √ 3 d one has a Minkowski minimum, as before. However if there is a slight mismatch between these two parameters, similar to what is supposed to happen in the string theory landscape [21] , one can obtain any desirable value of the cosmological constant, including V (0) ∼ 10 −120 , and then one can use the anthropic considerations [22, 23] to explain why it should be small. The fermion masses can be computed in a particularly simple way if the conditions formulated in [10] [11] [12] are satisfied: D S W = c = 0, and D Φ W = 0 at the minimum of the potential. In our model both of these conditions are satisfied. The inflatino mass at the minimum of the potential in this model is given by m − m 3/2 , and the gravitino mass is given by
By a proper choice of the constant c, one can obtain supersymmetry breaking with the gravitino mass in a broad range, from nearly zero up to about 10 −10 in Planck units.
Discussion
It is very difficult to obtain a consistent inflationary scenario in supergravity models with a single chiral superfield. That is why the subsequent development in this area shifted towards development of models describing several superfields. It took 17 years since the development of the chaotic inflation scenario [1] until the simple chaotic inflation with a quadratic potential m 2 2 φ 2 was obtained in the models with two superfields and a shift-symmetric Kähler potential of the type of (4.1) [24] . It took another 10 years until we learned how to find inflationary potentials of any desirable shape in this context [25] . The new generation of models is so flexible that it can fit any observational results for n s and r [26] . The possibility to have inflation in the models with a single chiral superfield was revisited only recently [27, 28] , but it required a rather unusual choice of the Kähler potential.
That is why it is especially interesting that the very first version of the chaotic inflation in supergravity proposed more than 30 years ago in the context of a model of a single chiral superfield [2] did not require any modifications. This model in its original form, as well as its generalizations described in this paper, provides a very good fit to all presently available observational data.
